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ABSTRACT
Objectives: Japan is considering policies to set the
target health expenditure level for each region, a policy
approach that has been considered in many other
countries. The objective of this study was to examine
the relationship between regional health expenditure
and health outcomes after out-of-hospital cardiac arrest
(OHCA), which incorporates the qualities of
prehospital, in-hospital and posthospital care systems.
Design: We examined the association between
prefecture-level per capita health expenditure and
patients’ health outcomes after OHCA.
Setting: We used a nationwide, population-based
registry system of OHCAs that captured all cases with
OHCA resuscitated by emergency responders in Japan
from 2005 to 2011.
Participants: All patients with OHCA aged
1–100 years were analysed.
Outcome measures: The patients’ 1-month survival
rate, and favourable neurological outcome (defined as
cerebral performance category 1–2) at 1-month.
Results: Among 618 154 cases with OHCA, the risk-
adjusted 1-month survival rate varied from 3.3% (95%
CI 2.9% to 3.7%) to 8.4% (95% CI 7.7% to 9.1%)
across prefectures. The risk-adjusted probabilities of
favourable neurological outcome ranged from 1.6%
(95% CI 1.4% to 1.9%) to 3.7% (95% CI 3.4% to
3.9%). Compared with prefectures with lowest tertile
health expenditure, 1-month survival rate was
significantly higher in medium-spending (adjusted
OR 1.31, 95% CI 1.03 to 1.66, p=0.03) and high-
spending prefectures (adjusted OR 1.30, 95%
CI 1.03 to 1.64, p=0.02), after adjusting for patient
characteristics. There was no difference in the survival
between medium-spending and high-spending regions.
We observed similar patterns for favourable
neurological outcome. Additional adjustment for
regional per capita income did not affect our overall
findings.
Conclusions: We observed a wide variation in the
health outcomes after OHCA across regions. Low-
spending regions had significantly worse health
outcomes compared with medium-spending or high-
spending regions, but no difference was observed
between medium-spending and high-spending regions.
Our findings suggest that focusing on the median
spending may be the optimum that allows for saving
money without compromising patient outcomes.
INTRODUCTION
Concerned about the rapid growth in health
spending and the regional variation in
health expenditure, the Japanese govern-
ment is currently considering setting a target
health expenditure level for each prefec-
ture.1 While the speciﬁcs of this approach
are not yet ﬁnalised, policymakers are consid-
ering using low-spending prefectures as
potential benchmarks, or setting target
health expenditure levels for each prefec-
ture. These policies, which are analogous to
ones proposed in other countries including
the USA and other European countries, are
controversial because many of these policies
do not take into account quality of care or
health outcomes in setting the target health
expenditure level.2 If greater health expendi-
tures are being used in helpful ways—in ways
that improve quality and reduce poor out-
comes, then policies that focus only on
spending can potentially be harmful for the
health of the population.
Regional variations in healthcare spending
have been best studied in the USA3 4 and the
Strengths and limitations of this study
▪ This is the first study that examined the associ-
ation between regional health spending and the
patient outcomes after out-of-hospital cardiac
arrest (OHCA).
▪ We used a nationwide, population-based registry
system of OHCAs that captured all cases with
OHCA resuscitated by emergency responders in
Japan.
▪ The outcomes after OHCA reflect a collective
impact of prehospital, in-hospital and posthospi-
tal care systems, and thus they may be superior
to the health outcomes used in previous studies
that lean heavily on the quality of in-hospital
care.
▪ Our study samples included only cases for
which the emergency medical system was acti-
vated, resuscitation was attempted and the
patients were transferred to the hospitals.
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evidence linking expenditures with outcomes has been
mixed.5–8 Regional health spending can potentially
impact a variety of health outcomes, including those at
the community level and those within institutions such
as hospitals. Outcomes after an out-of-hospital cardiac
arrest (OHCA) are particularly salient because of three
reasons: it is common (in the USA alone, an estimated
360 000 people suffer from it annually), highly morbid
(only 9.5% will survive to hospital discharge)9 and can
serve as an indicator of health system performance more
broadly. Outcomes after OHCA reﬂect a collective
impact of prehospital, in-hospital and posthospital care
systems, and inadequate performance of any part of this
clinical chain could negatively impact the outcomes.
Therefore, it can be a useful metric to assess the associ-
ation between regional health expenditure and the
population’s health outcomes.
Given that many countries are struggling with rapidly
rising health expenditure, understanding the relation-
ship between health expenditure and health outcomes
in Japan would provide important insights for other
countries to examine their own strategies vis-à-vis spend-
ing and healthcare quality and outcomes. Therefore, in
this study, we sought to answer three questions. First,
how much variation is there in the outcomes after
OHCA across 47 prefectures in Japan? Second, what is
the relationship, if any, between per capita health
expenditure at prefecture level and health outcomes
after OHCA? Finally, given the strong policy concern
that the most frugal regions may be achieving low spend-
ing by forgoing care for the oldest patients, is there any
evidence that the relationship between health expend-
iture and health outcomes after OHCA varies by age
group?
METHODS
Study design and participants
The All-Japan Utstein registry of the Fire and Disaster
Management Agency (FDMA) is a nationwide, population-
based registry system of OHCAs in infants, children and
adults, with Utstein-style data collection.10–12 All patients
who had experienced non-traumatic OHCA and for
whom resuscitation was attempted by emergency medical
service (EMS) personnel with subsequent transport to hos-
pitals from 1 January 2005 to 31 December 2011, with age
of 1–100 years, were eligible for our analysis. We excluded
those with age over 100 years from our analysis because
the numbers were small and the differential proportion of
people who do not request active life-saving procedures
(ie, those people with “Do-not-resuscitate” (DNR) orders)
across prefectures can potentially confound our infer-
ences, and age is the strongest predictor of such
decisions.13
Data were collected prospectively with an Utstein-style
data form that included age, sex, aetiology of arrest, ﬁrst
documented cardiac rhythm, bystander’s witness status,
presence and type of cardiopulmonary resuscitation
(CPR) by bystander, and the use of a public-access auto-
mated external deﬁbrillator (AED). Cardiac arrest was
deﬁned as the end of cardiac mechanical activity deter-
mined by the absence of signs of circulation. The aeti-
ology of arrest was deemed cardiac unless evidence
suggested trauma, respiratory diseases, cerebrovascular
diseases, malignant tumours or any other non-cardiac
cause. Attribution of cardiac or non-cardiac aetiology
was made by the attending physicians in the emergency
department in collaboration with the EMS personnel.
Furthermore, the EMS personnel queried the medical
control director at the hospital 1 month after the OHCA
event to conﬁrm the aetiology of the arrest. If there was
a disagreement on the aetiology, the determination at
1-month was used. The study was approved by the Ofﬁce
of Human Research Administration at the Harvard
School of Public Health. Informed consent was deemed
unnecessary by the FDMA of Japan.
Japanese healthcare system
The population of Japan was roughly 128 million in 2010,
with approximately 107 million people aged 18 years or
older.14 Japan consists of 47 prefectures, which are the
country’s ﬁrst jurisdiction and administrative division
levels. The population size at each prefecture ranges
from approximately 13 million in Tokyo to 600 000 in
Tottori.14 The land area and population size for each pre-
fecture are listed in online supplementary appendix
1. The entire population is covered by the social health
insurance system, and the prices and fees of the health-
care services are set uniformly regardless of the types and
location of healthcare providers. The majority of health-
care providers are private, and the patients are free to
choose which providers to visit. The coinsurance rate is
ﬁxed at 30% uniformly, except for the elderly and chil-
dren.15 The municipal governments provide EMS
through 802 ﬁre stations with dispatch centres. The
details about the EMS system in Japan have been
described elsewhere.11
Health outcomes
The primary health outcome measure was 1-month sur-
vival after OHCA. The secondary outcome was favour-
able neurological outcome 1 month after cardiac arrest,
which was deﬁned as Glasgow-Pittsburgh cerebral per-
formance category 1 (good performance) or 2 (moder-
ate disability).10 The other categories—3 (severe
cerebral disability), 4 (vegetative state) and 5 (death)—
were regarded as unfavourable neurological outcomes.
This is the standard approach for the studies examining
the neurological outcomes after OHCA.11
To collect follow-up data about survival and neuro-
logical status 1 month after the OHCA event, the EMS
personnel who treated each patient with OHCA queried
the medical control director at the hospital. Patient’s
neurological status was evaluated by the treating phys-
ician; the EMS received a written response. If the patient
was not at the hospital, the EMS personnel conducted a
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follow-up search. Data forms were completed by EMS
personnel in conjunction with the physicians who
treated the patients, and the data were integrated into
the Utstein registry system on the FDMA database server.
Several regions developed additional local registry
systems. In these areas, the information on each OHCA
case was initially assembled using their data collection
system. Then the information was exported and inte-
grated into the FDMA database in which the data under-
went further review. Forms were logic-checked by the
computer system and were conﬁrmed by the FDMA. If
the data form was incomplete, the FDMA returned it to
the respective ﬁre station and the missing data were
obtained.
Per capita total health expenditure
The information about annual total health expenditure
per capita for each prefecture was extracted from the
database created by the Ministry of Health, Labour and
Welfare of Japan.16 The population data were available
from the Statistics Bureau, Ministry of Internal Affairs
and Communications.17 The total health expenditure
was deﬁned as the sum of inpatient and outpatient care,
not including the expenditures due to dental care. Per
capita total health expenditure was calculated by divid-
ing total health expenditure by the population for each
prefecture in 2005–2011. An exchange rate of 115 yen
per US dollar was used for the analyses of health
expenditure (as of 11 November 2014).
Adjustment variables
To account for differences in population characteristics
across prefectures, we adjusted for demographic, clinical
and response characteristics of the patients with OHCA.
Demographic characteristics included age in 5-year incre-
ments (from ≥1 year of age to 4, 5 to 9, and so on until
95 to 100), sex and the interaction between age and sex.
Clinical characteristics consisted of aetiology of arrest
(cardiac vs non-cardiac) and ﬁrst documented rhythm
(ventricular ﬁbrillation (VF)/pulseless ventricular tachy-
cardia vs other). The response characteristics included
witnessed status (no witness, witnesses by layperson,
witness by healthcare provider), type of bystander CPR
(no bystander CPR, compression-only CPR, conventional
CPR with chest compression and rescue breathing), and
the use of a public-access AED by bystander (yes/no).
We did not include the regional characteristics, such as
EMS response time (which can be a proxy for a number
of hospitals in a given region), because they are in the
causal pathway linking the regional health spending and
the health outcomes of patients.
Statistical analysis
We used these data to generate adjusted average values
of each outcome in each prefecture. We pooled 7 years
of data (2005–2011) and performed a person-level logis-
tic regression for health outcomes. Each regression
model included prefecture indicator variables, year
indicators and the patient-level risk-adjustment variables
listed above. The performance of the risk-adjustment
model was evaluated using C-statistics (the prefecture
indicators were excluded from the analysis when the
C-statistics were calculated).18 The risk-adjusted out-
comes were calculated using the predicted probabilities
of outcomes for each patient with the distribution of
covariates in our sample and the prefecture indicator set
to that of each prefecture, and repeating the calculation
across all 47 prefectures (also known as model-adjusted
means, predictive margins or g-formula).19 20 SEs of the
estimates were obtained by the delta method, and were
used to calculate the 95% CIs.19 Conceptually, this is
equivalent to simulating the potential outcomes (coun-
terfactuals) if all individuals with OHCA in our sample
had been treated by the health system of a given
prefecture.
We evaluated the association between the prefecture’s
per capita health expenditure and patients’ health out-
comes after OHCA. The prefectures were classiﬁed into
three equal-sized groups (tertile) based on per capita
health expenditure in order to address a potential non-
linear relationship between per capita health expend-
iture and health outcomes after OHCA (deﬁned as low-
spending, medium-spending and high-spending prefec-
tures). In addition, we used per capita health expend-
iture as a continuous variable assuming a linear
relationship between health expenditure and (log-odds
of) health outcomes after OHCA. We used the person-
level data for our analysis in order to avoid ecological
fallacy.21 In order to account for the potential clustering
of cases with OHCA within each prefecture, we used
generalised estimating equations (GEE) with binomial
distribution, logit-link and an independent correlation
structure.22–24 We used GEE instead of the mixed-effects
models (also known as hierarchical models or multilevel
models), because we were interested in the population
average effects (estimated by GEE) rather than the
subset-speciﬁc (individual-speciﬁc) effects (estimated by
mixed-effects models).25 The regression models were
adjusted for the year indicators, age, sex, the interaction
between age and sex, aetiology of arrest (cardiac vs non-
cardiac), initial cardiac rhythm (VF or pulseless ventricu-
lar tachycardia (VT)), witness status, CPR by bystander,
and use of public-access AED by bystander.
To evaluate the possibility that low-spending regions
forgo spending on speciﬁc subpopulations, such as the
oldest old population, we also examined the association
between health spending and OHCA outcomes across
three age groups: age 1–59, 60–79, and 80–100. We
ﬁtted the same regression model as described above. We
also ﬁtted regression models with the interaction term
between health expenditure and age group, and for-
mally examined if the impact of health expenditure on
outcomes after OHCA differs by age using the likelihood
ratio test. We conducted a set of sensitivity analyses. First,
we added the per capita income at prefecture level in
2011 (data extracted from the Japan Statistical
Tsugawa Y, et al. BMJ Open 2015;5:e008374. doi:10.1136/bmjopen-2015-008374 3
Open Access
Yearbook26) to the list of risk-adjustment variables in our
regression models, as a measure of the socioeconomic
status (SES) of the population. We did not include this
variable in our primary analyses because the SES is a
major determinant of access to healthcare and poor
access to care is most likely a mediator for the relation-
ship between spending and patient outcomes. Second,
in order to evaluate if there is a plateau in the effect of
regional health expenditure on health outcomes, we rea-
nalysed the data using quintile of health expenditure
instead of tertile. We also examined the association
between regional health expenditure and the rate of
return of spontaneous circulation (ROSC). Given that
the rate of ROSC is a marker of the quality prehospital
care, we aimed to investigate whether the difference in
health outcomes across regions stems from the quality of
prehospital care versus in-hospital and posthospital care
systems. A two-sided p value<0.05 was considered statistic-
ally signiﬁcant. The GEE analysis was conducted using
SAS, V.9.3 (SAS Institute, Cary, North Carolina, USA),
and all other analyses were performed using Stata, V.12
(Stata-Corp, College Station, Texas, USA).
RESULTS
Patient characteristics
In the total catchment population of 128 million,
797 422 OHCAs were reported from 1 January 2005 to
31 December 2011. From these, 145 829 cases were
excluded due to traumatic causes; 9657 were excluded
as no resuscitation was attempted; and 6218 were
excluded as the patients’ age was less than 1 or higher
than 100 years. Of the remaining cases with OHCA,
17 547 cases with missing data on one of the covariates
were excluded. Finally, 664 arrests were excluded from
the analysis of the rate of favourable neurological
outcome due to missing outcome data, leaving us with a
ﬁnal sample size of 618 154 cases with OHCA for the
analysis of 1-month survival rate and 617 490 cases for
the analysis of favourable neurological outcome (online
supplementary appendix 2). Median age was 78 (IQR
67–85), and 57.9% were men. Approximately two-thirds
were due to cardiac causes, and VF or pulseless VT was
observed as initial cardiac rhythm in 8.7% of the cases.
Demographic, clinical and response characteristics of
our sample, stratiﬁed by prefecture-level health expend-
iture, are presented in table 1.
Regional variation in patients’ health outcomes after
OHCA
Figure 1 and online supplementary appendix 3 show the
variation in risk-adjusted outcomes of OHCA across pre-
fectures. The C-statistics (area under the receiver operat-
ing characteristic (ROC) curve) were 0.81 for the
risk-adjustment model for 1-month survival rate and 0.88
Table 1 Baseline characteristics of patients with out-of-hospital cardiac arrest, by prefecture-level per capita health
expenditure
Low-spending
prefectures
Medium-spending
prefectures
High-spending
prefectures p Value
Number of patients 332 213 (53.7%) 155 077 (25.1%) 130 864 (21.2%)
Demographic characteristics
Age, median (IQR), year 78 (67–85) 78 (67–85) 78 (67–85) <0.01
Male sex 58.1% 57.4% 58.0% <0.01
Clinical characteristics
Aetiology of arrest <0.01
Non-cardiac 32.8% 27.9% 36.4%
Cardiac 67.2% 72.1% 63.6%
VF or pulseless VT as initial cardiac rhythm 8.3% 8.9% 9.3% <0.01
Response characteristics
Type of bystander-witness status <0.01
No witness 58.2% 56.7% 58.5%
Layperson 33.3% 34.2% 32.9%
Healthcare provider 8.5% 9.1% 8.6%
CPR by bystander <0.01
No bystander CPR 62.1% 57.8% 58.6%
Compression-only CPR 26.7% 28.2% 28.4%
Conventional CPR 11.2% 13.9% 13.0%
Use of public-access AED by bystander 0.7% 0.6% 0.6% <0.01
Prefecture-level characteristics
Per capita income (US$) 25 343 (3901) 21 827 (2674) 22 764 (1923) <0.01
Samples are those cases with no missing data on all variables used in the regression analysis. Data are expressed as n (%) for categorical
variables and mean (SD) for continuous variables, unless otherwise indicated. p Values are calculated using the χ2 test for categorical
variables and ANOVA for continuous variables. Conventional CPR consists of chest compression and rescue breathing.
AED, automated external defibrillator; ANOVA, analysis of variance; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation;
VT, ventricular tachycardia.
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for the model for favourable neurological outcome, indi-
cating the good discriminating power of our risk-adjust-
ment models.18 The risk-adjusted 1-month survival rate
ranged from 3.3% (95% CI 2.9% to 3.7%) in the Iwate
prefecture to 8.4% (95% CI 7.7% to 9.1%) in the
Toyama prefecture. Tokyo (the most populated prefec-
ture in Japan) was the prefecture with one of the
poorest risk-adjusted survival rate of 3.4% (95% CI 3.3%
to 3.5%), whereas Osaka (the most populated prefecture
in western Japan) exhibited one of the higher survival
rates of 6.6% (95% CI 6.4% to 6.9%).
The risk-adjusted probability of favourable neuro-
logical outcome varied from 1.6% (95% CI 1.4% to
1.9%) in the Iwate prefecture to 3.7% (95% CI 3.4% to
3.9%) in the Fukuoka prefecture. Tokyo was again one
of the poor-outcome prefectures with a 2.0% (95% CI
1.9% to 2.1%) chance of experiencing good neuro-
logical outcome. In contrast, Osaka was one of the best
with a 3.5% (95% CI 3.3% to 3.7%) chance of a favour-
able neurological outcome. Per capita health expend-
iture in 2005–2011 varied from US$2504 (287 925
Japanese Yen) per year in the Kochi prefecture to US
$1315 (151 272 Japanese Yen) per year in the Saitama
prefecture.
Association between prefecture-level health expenditure
and patient health outcomes after OHCA
The relationships between the prefecture’s per capita
health expenditure and the risk-adjusted health out-
comes after OHCA aggregated at prefecture level are
shown in ﬁgure 2. The association between per capita
health expenditure at prefecture-level and patient-level
Figure 1 Risk-adjusted 1-month
survival (A) and favourable
neurological outcome (B) after
out-of-hospital cardiac arrest
across prefectures. The 95% CIs
are shown in bars.
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outcomes after OHCA is presented in table 2. We found
that a higher per capita health expenditure at the pre-
fecture was associated with signiﬁcantly better health
outcomes after OHCA. For every US$100 increase in per
capita health expenditure at the prefecture, the patients
with OHCA exhibited a 1.04 times higher odds of sur-
vival at 1 month (95% CI 1.01 to 1.07, p<0.01), and a
1.04 times higher odds of a favourable neurological
outcome (95% CI 1.02 to 1.07, p<0.01), after adjusting
for patient risk (data not shown).
Figure 2 Association between total health expenditure per capita and risk-adjusted health survival (A) and favourable
neurological outcome (B) after out-of-hospital cardiac arrest at prefecture level.
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The crude mean survival rate at 1 month after OHCA
was 4.4% (95% CI 4.3% to 4.4%) in low-spending pre-
fectures, 5.7% (95% CI 5.5% to 5.8%) in medium-
spending prefectures, and 5.6% (95% CI 5.5% to 5.7%)
in high-spending prefectures. The crude probabilities of
favourable neurological outcome after OHCA was 2.1%
(95% CI 2.1% to 2.2%) in low-spending prefectures,
2.8% (95% CI 2.7% to 2.9%) in medium-spending pre-
fectures, and 2.7% (95% CI 2.6% to 2.8%) in high-
spending prefectures. Similar to the results of the linear
regression analysis, compared with cases with OHCA in
the prefectures with lowest tertile health expenditure,
those in the medium-spending and high-spending pre-
fectures exhibited signiﬁcantly higher survival rates
(table 2). The 1-month survival rate showed a 1.31 times
higher odds (95% CI 1.03 to 1.66, p=0.03) in medium-
spending prefectures, and a 1.30 times higher odds
(95% CI 1.03 to 1.64, p=0.02) in highest spending pre-
fectures, compared with lowest spending prefectures.
Likewise, the odds of a favourable neurological outcome
were 1.29 times higher (95% CI 1.03 to 1.62, p=0.03) in
medium-spending prefectures, and 1.28 times higher
(95% CI 1.06 to 1.55, p=0.01) in high-spending prefec-
tures. We did not observe a signiﬁcant difference in
health outcomes between cases with OHCA in medium-
spending and those in high-spending prefectures (data
not shown). Additional adjustment for the prefecture-
level per capita income level did not qualitatively affect
our overall ﬁndings (online supplementary appendix 4).
Both medium-spending and high-spending regions had
higher probabilities of favourable neurological outcomes
and better survival compared with low-spending regions,
although some of these differences were no longer statis-
tically signiﬁcant (even though the effect sizes were
similar). The analysis using the quintile of regional
health expenditure showed a positive association
between regional spending and outcomes after OHCA;
however, we did not observe a clear plateau effect in the
relationship between regional health expenditure and
health outcomes, probably due to the lack of statistical
power to precisely make estimates (online supplemen-
tary appendix 5). We did not observe a signiﬁcant rela-
tionship between regional health expenditure and the
rate of ROSC, suggesting that low-spending regions had
worse health outcomes mainly due to the lower quality
of in-hospital and posthospital care systems rather
than that of prehospital care (online supplementary
appendix 6).
Relationships between health expenditure and OHCA
outcomes across different age groups
We found that the relationships between health expend-
iture and OHCA outcomes were consistent across all
three age groups (table 3). Compared with low-spending
prefectures, both medium-spending and high-spending
prefectures showed higher 1-month survival rates and
higher probabilities of favourable neurological outcomes
after OHCA. Although the statistical power is limited in
a small number of metrics, we still observed higher odds
of better OHCA outcomes in these prefectures. We
observed a trend towards a stronger relationship among
patients with OHCA aged 80–100, compared with
younger age groups; however, the results of the likeli-
hood ratio test did not show a statistically signiﬁcant
interaction between age group and health expenditure
(p=0.30 for survival and p=0.36 for a favourable neuro-
logical outcome).
DISCUSSION
In the national study of patients with OHCA in Japan,
we found more than a twofold variation in health out-
comes after OHCA across prefectures. Our results
showed that low-spending regions had signiﬁcantly
worse health outcomes after OHCA, compared with
medium-spending or high-spending regions; however,
Table 2 Association between per capita health expenditure at prefecture level and patients’ health outcomes after
out-of-hospital cardiac arrest
Unadjusted (N=635 710) Adjusted* (N=618 154)
1-Month survival rate OR (95% CI) p Value Adjusted OR (95% CI) p Value
Tertile of prefecture-level health expenditure per capita
Low Ref Ref
Medium 1.31 (1.02 to 1.67) 0.03 1.31 (1.03 to 1.66) 0.03
High 1.30 (1.04 to 1.62) 0.02 1.30 (1.03 to 1.64) 0.02
Favourable neurological outcome at 1 month
Unadjusted (N=635 046) Adjusted* (N=617 490)
OR (95% CI) p Value Adjusted OR (95% CI) p Value
Tertile of prefecture-level health expenditure per capita
Low Ref Ref
Medium 1.30 (1.02 to 1.67) 0.04 1.29 (1.03 to 1.62) 0.03
High 1.26 (1.04 to 1.53) 0.02 1.28 (1.06 to 1.55) 0.01
*Adjusted for age, sex, the interaction between age and sex, year indicators, aetiology of arrest (cardiac vs non-cardiac), initial cardiac rhythm
(VF or pulseless VT), witness status, CPR by bystander and use of public-access AED by bystander.
AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; VT, ventricular tachycardia.
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the health outcomes of the high-spending regions were
not better than those of the medium-spending regions.
These relationships appeared to be stronger among the
oldest age group (age 80–100) compared with younger
age groups, although the formal interaction test was not
statistically signiﬁcant. These ﬁndings suggest that any
policy interventions targeted towards healthcare costs
alone and not taking into account health outcomes may
have a detrimental effect on the population health,
especially among the oldest.
While we found a positive association between
regional health expenditure and health outcome after
OHCA, the relationship was not linear. Low-spending
prefectures exhibited worse health outcomes, but the
health outcomes in high-spending prefectures were not
better than those in medium-spending prefectures. This
has two important policy implications. Setting the target
spending level to lowest-spending group is not likely to
be beneﬁcial for the health of the population. However,
more spending in higher spending areas might not lead
to better outcomes either. Our ﬁndings indicate that a
medium level of health expenditure can potentially rein
in healthcare costs without compromising health out-
comes of the population.
We are unaware of any prior study that has studied the
relationship between health spending and outcomes
after OHCA. Fisher et al6 studied the relationship
between regional health spending and mortality rate
among Medicare enrollees hospitalised for three
common conditions in the USA. They found that higher
regional spending was associated with a slightly higher
risk of death for colorectal cancer and acute myocardial
infarction (AMI), but had no impact on the mortality
among patients with hip fracture. Baicker and Chandra7
conducted a state-level analysis and reported that states
with higher Medicare spending had a lower quality of
care, using process measures for treatment of six
common conditions (AMI, breast cancer, diabetes, heart
failure, pneumonia and stroke). These studies lean
heavily on the quality of in-hospital care, in contrast to
the outcomes after OHCA, which are affected by a
quality of prehospital, in-hospital and posthospital care,
collectively.
Even though there is no single health outcome metric
that can comprehensively measure the performance of
the regional health system, the OHCA outcomes have
several advantages over other health outcomes. The
health outcomes after OHCA reﬂect a broader perform-
ance of the regional health system including prehospital
(immediate recognition of cardiac arrest and activation
of the emergency response system, early CPR and rapid
deﬁbrillation), in-hospital (integrated postcardiac arrest
care) and posthospital care systems (rehabilitation). As a
consequence, the study of OHCA outcomes enabled us
to evaluate a composite performance of different
aspects of the healthcare delivery system. In addition, by
focusing on both mortality and neurological outcome,
we could evaluate the quality of services to keep patients
alive, as well as the quality of care that help the clinical
recover, which indeed is the ultimate goal of the health
system for treating patients with OHCA. We found that
regional health expenditure did not have a signiﬁcant
impact on the rate of ROSC, which indicates that lower
regional spending had a detrimental effect on the out-
comes after OHCA through a lower quality of in-hospital
and posthospital care systems, rather than that of prehos-
pital care.
Our study has several limitations. First, we could not
assess why low-spending regions had worse outcomes.
This is an important area for examination in future
work. A second limitation is that our study samples
included only cases for which the emergency medical
Table 3 Adjusted association between per capita health expenditure at prefecture level and patients’ health outcomes after
out-of-hospital cardiac arrest, stratified by age group*
Age 1–59 (N=91 108) Age 60–79 (N=250 705) Age 80–100 (N=276 341)
1-Month survival rate
Adjusted OR
(95% CI) p Value
Adjusted OR
(95% CI) p Value
Adjusted OR
(95% CI) p Value
Tertile of prefecture-level health expenditure per capita
Low Ref Ref Ref
Medium 1.25 (1.01 to 1.55) 0.04 1.32 (1.01 to 1.71) 0.04 1.37 (1.07 to 1.74) 0.01
High 1.29 (1.05 to 1.60) 0.02 1.26 (0.99 to 1.61) 0.06 1.39 (1.09 to 1.78) <0.01
Favourable neurological
outcome at 1 month
Age 1–59 (N=90 996) Age 60–79 (N=250 403) Age 80–100 (N=276 091)
Adjusted OR
(95% CI) p Value
Adjusted OR
(95% CI) p Value
Adjusted OR
(95% CI) p Value
Tertile of prefecture-level health expenditure per capita
Low Ref Ref Ref
Medium 1.24 (0.98 to 1.57) 0.07 1.30 (1.02 to 1.66) 0.04 1.37 (1.10 to 1.70) <0.01
High 1.27 (1.05 to 1.54) 0.01 1.23 (1.01 to 1.50) 0.04 1.46 (1.14 to 1.86) <0.01
*Adjusted for age, sex, the interaction between age and sex, year indicators, aetiology of arrest (cardiac vs non-cardiac), initial cardiac rhythm
(VF or pulseless VT), witness status, CPR by bystander and use of public-access AED by bystander.
AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; VT, ventricular tachycardia.
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system was activated, resuscitation was attempted, and
the patients were transferred to the hospitals. Different
prefectures may have different criteria for whether the
patients with OHCA with low probabilities of survival are
pronounced dead at the scene without transfer to hospi-
tals. Similarly, the study population may include indivi-
duals who do not wish life-saving treatment (eg,
individuals with DNR orders) such as those with
advanced age, disabilities or late-stage cancer. It is also
possible that the likelihood of making DNR orders is
inﬂuenced by local norms and thus differs across prefec-
tures. Third, the outcomes after OHCA may not capture
the quality of outpatient care. Further research is war-
ranted to evaluate if higher regional health spending
leads to better quality of outpatient care. Finally, the
integrity and validity of the data, and ascertainment bias,
are potential source of bias. The use of uniform data col-
lection based on Utstein-style guidelines for reporting
and recording the cardiac arrest cases, the large sample
size and the population-based design are expected to
minimise these potential threats to validity.
In conclusion, we found more than twofold variations
in OHCA outcomes across prefectures in Japan. We
observed a non-linear relationship between regional
health spending and patients’ outcomes after OHCA.
Low-spending regions had signiﬁcantly worse health out-
comes, but the health outcomes in high-spending
regions were not better than those in medium-spending
regions. Our ﬁndings indicate that setting health spend-
ing targets to the level of the lowest spending group may
be harmful in terms of health outcomes, especially for
emergency cases such as OHCA. The fact that more
spending in higher spending areas does not appear to
improve patient outcomes suggests that for national pol-
icymakers in countries wishing to set budget targets,
focusing on the median spending may be the optimum
that allows for saving money without compromising
patient outcomes.
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